Abstract-We investigate a flat multiwavelength fiber laser (MWFL) with the extinction ratio (ER) is continuously adjusta ble at variation of either half wave plate (HWP) position or po larization maintaining fiber (PMF) length. The multiwavelength laser is generated from an intensity dependent transmission (IDT) effect which is induced from nonlinear polarization rota tion (NPR), arising from a combination of a semiconductor opti cal amplifier (SOA), polarization controllers (PCs) and polariza tion beam splitter (PBS). The ER is continuously adjustable from 6 dB to 12 dB by rotating the HWP of a PC, as the same value of the minimum and the maximum ER can be obtained in every 45°
INTRODUCTION
MWFLs have been the attraction of many researchers due to their potential application in optical communications, opti cal instrument testing, dense wavelength division multiplexing (WDM) system and WDM passive optical network. With the fast development of these laser applications, it is interesting to explore and investigate the MWFL. Many researches of MWFL were extensively investigated using several types of comb filters such as Sagnac loop mirror filter [1] [2] [3] , Mach Zehnder interferometer filter [4] , Lyot filter [5] [6] [7] [8] [9] and Fabry perot filter [10] [11] [12] [13] . Among these comb filters, the structure of Lyot filter is found attractive due to its simple configuration as well as low loss.
In recent years, most of MWFL reports are based on the er bium doped fiber amplifier (EDF A) by taking its advantage of low polarization sensitivity. With this advantage, a stable MWFL system can be achieved as any small perturbation does not affect the entire fiber laser system. However, MWFL based on EDF A produces limited number of lines due to high mode competition arising from homogeneous gain medium of erbium ions. The mode competition can be reduced by using an inhomogeneous broadening gain medium such as SOA [7] , or by inserting a mode competition reducer or by providing a nonlinear effect inside the fiber laser configuration. Several works of MWFL have been demonstrated mostly based on the EDF A using a nonlinear effect of wavelength dependent loss 978-1-4673-6075-3/13/$31.00 ©20 13 IEEE [4] , intensity dependent loss (IDL) [5] , [6] , [10] [11] [12] [13] and IDT [2] , [3] , [7] , [8] , [9] . These effects were injected into the laser cavity to generate a stable and flat MWFL. The effects of IDT and IDL are induced from NPR, arising from the combination of a nonlinear device and several polarization components.
Several MWFL works were demonstrated based on the NPR, which are switchable multiwavelength [1] , [2] , [5] , [9] and adjustable wavelength lines [3] , [8] , [10] [11] [12] by adjusting PC in the cavity. However, from the best of our knowledge, an adjustable ER of a MWFL is never reported. In this letter, we investigate a continuous and adjustable ER of a flat MWFL by adjusting HWP position of a Pc. The ER value can also be adjusted at variation of PMF length. Subsequently, using PMF length of 6.6 m, 13.3 m, 26.6 m and 53.2 m, the ER value is 29 dB, 24 dB, 18 dB and 12 dB, respectively.
II. EXPERIMENTAL SETUP
The configuration setup is illustrated in Fig. 1 . The gain medium is SOA and manufactured from Qphotonics, model QSOA-I550. The SOA is driven by a laser diode controller from ILX Lightwave, model LDC-3900. The SOA has an operating maximum current and center wavelength of 400 rnA and 1530 nm, respectively. The PCs in the setup are used to adjust the PS within the MWFL. PCI can adjust polarization angle in every 5° until 360° at high accuracy. The PCI also has three rotatable plates and more stable in wavelength shift ing as compared to PC2. In this work, the HWP of PCI is rotated to vary the polarization angle of linearly PS. Mean while, PC2 is used to change the PS of light in the setup. An other polarization element is PBS which works as a polarizer when combined with PC2. The PBS has 3 dB insertion loss at each output leg. In the meantime, an isolator is used to ensure the light can travel in one direction only, and preventing the incoming light from the SOA input. Eventually, a 10/90 out put coupler is used to extract out the multiwavelength spec trum to an optical spectrum analyzer. 
III. PRINCIPLE OF OPERATION
The multi wavelength generation is based on a simple comb filter in Lyot filter. In a Lyot filter assembly, a PC is located before a PMF in order to set 45° of polarization angle with respect to the fast axis of the PMF. With 45°, the light is re fracted into two lights of ordinary and extraordinary. This condition agrees well with a standard Lyot filter definition in a ring cavity configuration. In the PMF, the refracted lights are orthogonally propagated at different speeds along the fast and the slow axes of the PMF. The orthogonal lights have equal amplitude and PS, and eventually combined in-phase at the end of the PMF, resulting two fold of amplitude at the same wavelength. This process is known as constructive interfer ence, which defines the multi wavelength generation in the ring cavity based on the Lyot filter. The line spacing, b.'A is calcu lated based on an equation of b.'A = 'A 2 IBL, where B is the fiber birefringence (4.5 x 10-4 ), 'A is the operating wavelength (1550 nm) and L is the PMF length.
In this work, the multi wavelength generation is based on an IDT effect, which is induced from a combination of two PCs, an SOA and a PBS [10] . In the working state of IDT, a trans mission is proportional to the input intensity [7] . If the PBS is removed, the IDT effect is never existed, thus the MWFL cannot be generated. Owing to the IDT effect, the use of low input intensity is crucial to obtain a higher cavity loss within the ring cavity [12] . Hence, the higher cavity loss is a factor to obtain the flat multi wavelength spectrum, as compared to lower loss.
N.

RESULTS AND DISCUSSIONS
In this experiment, SOA current and throughput port ratio in the ring cavity is fixed to 150 mA and 10%, respectively, so that the most flat multi wavelength spectrum based on the IDT effect can obtained. The generated number of lines within 3 dB bandwidth is 216, while the line spacing is 0. 1 nm, as shown in a different dimensional angle in Figure 2 . Meanwhile, the use of lower SOA current below 150 mA will de crease the output power, but increasing the multiwavelength flatness. However, the SOA current can only be set to higher than the lasing threshold of 130 mA. Therefore, 150 mA of SOA current is preferred due to high cavity loss which leads to flat MWFL.
To study the continuous ER variation based on HWP posi tion, a fixed PMF length of 53.2 m is used. Firstly, the HWP position of PC 1 is set to 0°. Afterward, PC2 is adjusted so that the highest ER of 12 dB can be obtained. Then, the HWP of PCl is rotated carefully from 0° to 45° in every 5°. As can be seen in Fig. 2 (a) , it is observed that the ER value is continu ously adjustable from 6 dB to 12 dB. The ER is continuously decreased against HWP rotation from the position of 0° to 23°. As the position of HWP is rotated from 23° to 45°, the ER value is increased until the initial ER of 12 dB. From the fig ure, it is also observed that the minimum and the maximum ER value are equal in every 45°. The experimental work is then extended beyond 45° for the observation of the highest ER value. As depicted in Fig. 2(b) , the ER of the multi wave length spectra are the highest value and equal in every 45° rotation.
It is also observed that the ER value at HWP rotation from 0° to 45° are not accurate due to the manual rotation of the HWP of PCI. In the future, more accurate value can be ob tained using a PC with digital adjustment. In other observa tion, the multiwavelength spectrum is always flat at any HWP position, because the cavity loss is maintained because the SOA current is fixed. From the different value of ER, it is concluded that the highest and the lowest ER is in the working state of IDT and IDL, respectively. The explanation of the continuously adjustable value of ER at different HWP position is discussed as follows. In the work ing state of IDT, the transmission value is polarization dependent [2] and intensity-dependent [5] due to the combina tion of SOA with two PCs and a PBS. Thus, the intensity is related to the PS adjustment. With the PS adjustment (at fixed SOA current), the intensity is varied, and leads to variation of ER value. From the relationship, the adjustable ER at PS de pendence can be understood.
Next investigation is pertaining to the adjustable ER at var iation of PMF length. With the HWP position is fixed at 0°, the multiwavelength spectra are showed to have a different ER values at PMF length dependence, as can be seen in Fig. 3 (a  d) . From the figures, there are several observations. Firstly, the line spacing is 0.8 nm, 0.4 nm, 0.2 nm and 0.1 nm at PMF length of 6.6 m, 13.3 m, 26.6 m and 53.2 m, as these are ac cording the equation of D.'A. Secondly, the four multi wave length spectra have an equal peak power of multiwavelength spectrum. Thirdly, we can see that the ER value is lower at a longer PMF. The ER value is 29 dB, 24 dB, 18 dB and 12 dB at PMF length of 6.6 m, 13.3 m, 26.6 m and 53.2 m, respec tively. At lower ER value, the number of lines is higher. Final ly, it is observed that the multi wavelength flatness is better at longer PMF, as the longer PMF contributes to higher cavity loss, as compared to shorter PMF. In the working state of IDT, higher cavity loss is significant in obtaining a flatter multi wavelength spectrum [12] . In this work, the highest PMF length of 53.2 m is contributed to the highest cavity loss and causing to the most flat spectrum as compared to the other PMF lengths. Conclusively, the ER value is inversely propor tional to the PMF length, as the longest PMF is found to have the most flat spectrum over the wavelength range, due to the effect from IDT effect. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 111 1 1 1 1 1 1 1 V.
CONCLUSION
In conclusion, we investigated a continuously adjustable MWFL at variation of either HWP position of PC1 or PMF length. The multiwavelength laser is generated from an IDT effect obtained from NPR within an SOA and its combination with several polarization components. The ER value can be adjusted continuously ranging from 6 dB to 12 dB. The use of different PMF length is also influenced to the ER value, as the ER is higher with shorter PMF.
